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Abstract 



At least a lower cladding layer, an active layer for generating laser light, a first upper cladding layer, 
an etching stopper layer and a second upper cladding layer are stacked on a substrate. An impurity for 
restraining laser light absorption is diffused into the second upper cladding layer along a region where 
a light-emitting end surface is to be formed, under a condition that allows the etching stopper layer to 
maintain a function of stopping etching for the second upper cladding layer (First annealing process). 
Etching is performed until the etching stopper layer is reached such that the second upper cladding 
layer is left in a ridge shape. The impurity in the second upper cladding layer is re-diffused into the 
active layer to thereby cause local intermixing of the active layer in a portion extending along the light- 
emitting end surface and located just under the ridge (Second annealing process) 
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9y b'Sl 03, 3:y^y^Xh-yymi04^ IB2Ji 
7 -y Hil 1 0 6 $rW;f-r-5. . -y f->'i5<x h «y T/i 1 
04*^*gl2±^5-y HSl 0 6«07t:i6cOX-y^>'i/^^fc 

JV) . m2±^^y >y F« 1 0 6 U ••/ 1 0 S^^lcJSt" 
idfc, x-y^>'^^;?.h yr®l 0 4tc:*rsirx-y 
f-^-^-r-S. m2±:7 9 yK«l 0 6tCffiiSt$fl.;t±fe 
^*£!fe$r . vSttJi 1 0 2 ^T'SSKUCLT , «1fJl 1 0 2 
*>3feaiitS^® 1 5 0 (c^tJv^. >y i^' 1 0 5 iTF 

<7)a53i-io2B^aM:-r4 (m2r--;i') . 
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'Jftc< b t±fa'J -y i^'OTgPt^^);tl.±iex y^>j?'X 

±ie7tai*f^tcj»o ;^c««-c\ ±iex >y ^^-^^ n -y 

^ ^V H ^+ -y r A< , ±Ex -y ^ > i^-^ h -y r«(^ o ^± 
K'J -y >''t01tTtCfflS-r-&gP*<?)X^;l^^yNV h-if> >y 

y -y i^'«oitT^3<sa-r sa5^c7)±iesfB{ki3 J: &y*h 

m.m.3:m^cr,i^y N{± l 5 n mJilTT'S) 6 C: i: Sri^aitt 

±iesg 1 ±^ 7 y Hii*«-^tfJi£li:^l«!B!iJ±B e i;t(ic 
±iex y^y^x h -y 7-e*-/:>jstt;ij ToiiETtaiSt 

±iem 2±^ 7 y h'«*^-^tffi:ai^*«ife<± B e t.ti\iC 



±ie*^#F«{i (Al^Gai_^)^In,_yP 
{fzfzL. GSx^K OSySlTAI). ) 

±le>'^'UTJf^±Jllei^#pJlJ; o t a i -^^-^ ( x ) 

(r>:^^\,^ (A U Gai - , ) y I m - y P 

L. OSxSl, OSySir*S. ) *>^>:&-SCtt: 

T, 

±M:3^'yi->yxV-yrm\i.Ga^ I n, _ , P itii^ 

±mmit3xx/m2±^^ yvmii (a g 

ai-,)yIn,-yP (JtJt'L, O^xSl, Og 

ysi-cfcs. ) *>^>^:6c:^:S■#a^:-rsij^!ct♦:^- 
if. 

[ lt*«8 3 if^Jl 1 ^zSM<7)¥^tiiil^-^^zt3\,^ 

T, 

±iefii=#F«liI Gai _ . As (:t)t'L. OS 
zS 1-CJ>S, ) ^;^<iA U Gai _ ^ As (;tJt' 
L. OSxgl-eS)*. )3£i»^^r'3. 
ifE^-? y TBJiJilES^WFB J: 0 A 1 ( x ) 

<7)^^\,^A 1 ^ Gai - ^ As (titft. OSxS IT 

itmms: if«^8{c£»<?)^«su-iftcfcv^ 

JlEX-yf->^^;t> h -yy-mHA 1 ^ G a 1 _ , A s {tl 
i^L. OSxSO. 3Thh. 

±Emit5j;t;f»2±^7 y H«(iA 1 Gaj _ ^ A 
s (^^cTtfL. x<ySl-C*,S. ) i)^(>^tZtimk 

h^nttm. mi±^7 yKa, x-yf-v-j/xh-yra. 

iEx y f - y ^x h .y ymifi±s£m 2 ±^ 9 y 
i^iOx -y f- y ^5r#jt S-t*-|.«Sg&*i»-r S ^fl^T-C'. 

®S:®B!t-r<^®lStca-5T±IBIff2±^'7 -y KStcfe 

±ES2±^7 -y y=mir±Mi^tiimmmizni.Tmmz 

mX/^ U -y S^'tttcS-TJ: 0 fC. iEX yf-y^rx h -yr 

mizm-^ i fx »/ ^ 5x -y ^>'^i^ie t . 

±E y y v-'^com 2±^7 yHac0'3 -^iiS^tajltiSH 
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oitgEtfrcoilBIS 1 r--;l^xet J: 4 7 :r •■/ 

m^mi2] »^ ICS tzitm^jn 1 1 tcieao 
jjex -/ ^ y^ummvisim 2 r--/t-xsm[ . ± 

[ 1 4 1 1 2 icSKiO^SIf^s^— !f SBt 

[if ^Ji 1 6 ] 1 4 1 /^mt*« 1 5 tci2a<7) 
[ i9*Ji 1 7 ] misa^ 1 0 s fz\mim 1 1 iciesjcr) 

item l±i? 7 >y N-a*<#tft£fC^ti6^J±B e iTtJiC 
[ li^^ 1 8 ] iS*« 1 7 »3lES6<o¥^«c^— f SBtt 



1 9 ] fs*jR 1 0 i^uii^ 1 1 (cfetftcT) 

±ieS^#FJiti; (A 1 « Gai _ ^ ) y I n, - 3, P 
(TtJt'L. O^xgl. OgySlT$>i.. ) A^'^^i: 

±ia^N'';T;i«i±is»i^#FJiJ: 0 1 a 1 ( x ) 

(Al^Gai_^)y Ini_yP (;tr7tf 
Ls O^x^i, O^y^lX'hh. ) iJ^t^KchCit^ 

[ m^m 2 0 ] i««)s 1 9 tiiemco^i^f*: u-— rssBt 

±Ex-y^>-:/Xh /7°W4Gay I nj _ , P (fc^i 

Ogy£lT'3b.S. )*^^>^0. 
±ffi^lfcJ:lXm2±:?9 y H®(4 (A U G 
ai_^)yIni_yP (7t:^iL. OSxSl, OS 
ySlTS>l>. ) ^&-^.^SC:^:S:^i:-rS^«s^- 
ifmm2 1 ] 2 0 tcfea<?)^f*:w— rsBs 

±mS2±^^-y FJl$rm. «gl!i;t{±'J VlJ-Cx-y 
C IS*JS 2 2 ] IS*)S 1 9 tfBtt<0^«£ U-iTiSUt 

l^J±tfzii5 5 onnme 5 O'er 1 o^uiT<r^^x 
±ie^2r--;i'XSSr5 7 ox;;njM7 5 0x^x1 

tUi4;t{46 5 O'CTbMS 5 Om 0:«-mT<'5^T 

[ii^2 3 3 n*Ji 1 0 ttzimm^ 1 1 tcie»eD 
^mi^ly—fSmjjmizis\.^X. 

ilBS^'ffFeiil n, Gaj _ , As (fcJtfL. OS 
z£ 1T'J>1>. ) iJt(±A 1 ^ Gai _ , As (tztE 

±K^N'u r«{i±ie«i^#Fa J: 0 1 a 1 -^^t^ ( x ) 

<73±^\-iA 1 X Gai - X As (tztit. OSxSlT 

[IS*]S2 4 3 iS*«2 3 {c^^O^frU— 9'8gJt 

±lex-y^>'^;?.h yrS{4A 1 X Gaj -^As (^c 
Tt'L. OSxSO. 3T*>-&. ) i)^^^*). 
±Sd:^ltiXVm2±^y 'yVmiiAl y Gai _ ^ A 
s (7t;t*L, x<ySlT-fcS. ) *^^>^r& CI t ?r1^ 
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[ nmrn 2 6 1 m^m i o ^ 1 1 icismo 

[ 2 7 ] »*JS 1 0 * ^^{iit^Ja 1 1 tciatteo 
2 r::^-;l'XgS:g^4'T'1t ^ CI i: Sr^t® i; f & 

[00 0 13 

[0 0 02] :i<D^mi.i. ^(OXotc^i^l^- 

[00 03] 

^(^fzibiZ^-itL . COD (Catastrophic Optical Dam 

age) tmitihm.m^^\^mz-t^ii^hi> . CICOW 
[0004] 3tai«ssBSC3^ffli«sr*-r&i§ai:»]coa!* 

^.ixTViS <#«^9-506478^^^) . Z<0^^ 

S2- . «§ttJS3. m2^giMi5B®4'' . pmmmmz 

Olxtm) Si:mx.X\^h. Clcox-zf-y^^X b -y Tig 
S-^^-r^J;3(c. P^^ll2i7 9-/ KJi4o . 

7*i^tt^>i^TV^^,. — nSGaAs^lCOSffi 

[00 0 5] 02 4 (ia2 3<?5II-II^BrBt;ffla-r 
«.) tcq^-tiai^, ?S14fl3«, *^#FJB3' tA.j 



l-raffl 5 0,51 a^toaS^Tb''. VillSJlrtgP 3 AfcibL 

[00 06] icO^»fi|t^-if(ii^c7)J:-5tcLT#S$ 
i^■Cv^|.. 02 5fc^-rJ:dtc:, ^-TOMVPEife (:& 
tS^JS^fflfiXftS) lCj:-5TnSGaAsS«[l±tCn 
^^y^'.y7^gl 1A^4>3>^':J' h^i O^T'StbK* 
-rs. »:tc. «^[ii'U3y*»i55:S-7;^^JB3 0$r. 3fe 
tlifttSSS5 0. 5 1 tC?»-^TraPgP3 1 . 3 2^^h 

2g*t;«'7'-fe-'Hc:*fAL,r6 0 0'CTMfttr. 3>':J'^ 

1 ocoa®ffli*^<^z nM^5 9$r, m'&m'i^nt 
n>iiot,zim-rh. :nx\,zx^. ^sttJl3<7)^*>3ttt5t^ 

5 0 , 5 1 jg^gp^ S: j^B^^ LT , vStt«l*lSP 3 A 

l^-- r3fe«iKOiJ'-^V ^^^1^ 3Bt-r'I..VX:J'30& 
JROI^V^/ifli. m2e\,z5p.'tXo\<Z^ 3tffi*fiSS5 0, 
5 1 (CSttCffiOf^X h 7^ r^^<^-7;<.:J'4 0 

■s.. <J:v^f, ^f*c«i 0, 9, 40 coo-h-r^^i^ AO 
<7mmi,zm ^-r stx -y ^ ^ h -y r « 5 

Si-C'X y^V:J^tT. VX^'4 0<0iarr(:rj<lM 2S: 

mm-h, zcTym. 02 3lc^L7tJ;ai:, omvpe 
ft(;J: .y 1 3 S:;><-^ 1 2coS5iyiciagt, 

*®ffiys:^ia^trrs 1 1 1 (cvx ^40 tJti*. 

Sl^O M V P E^t=i -o 2 3 y^' h « 6 ?r 

ti^ixmm7. 8t:m^-t^ (m^T) . 

[0007] 

mx'ii. T-mm&.mzxom^3i:m^tLxmmt^ 

-it^tlh. iW-*^, ^-9-1 2S:J^«-r2.X y^>-i?'X 
grx y^>-r/Xh-yrS5tm2i?^-y h'B {T«8) 
4' *«X.yf-V^^§tl.-C. ^-9-1 2<OSIO:«JS*HST-*- 

■Si:. ^ffiyo-y^Wl 3i:nM:?'^-y HSl 

<s«-r«.i:. ^:^t'^ii£t^. ^«iS3B36i+^j-t3isfi^(i 
[ 0 0 0 8 ] -eci-c, ^<n^m<r>wmi. ^\i!,mmmi,z 

[ 0 0 0 9 ] ; <O^JcopJg«, 3Ka}lt^®t5g 
[0010] 
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•y^yj/x h >yrsjitcm2±^7 •/ YMt^ixm.'m 

X -y v^;^ h -y rii*»i^vgttsi t:'(7)±fe3feaitt3S® 
mmx' , ±ieai y f - y h y rJio ^ ^±ts u -y v'to 

X yf-yi/^!. h y rScOd ^>±£U y i^'c7)irFtfflS-r 

at-rs. 

[0011] ^^B^o^*!/— TT'fi. ±ie3taiiti^ 

±^X-y ^y^^X h -y rgCOa feJl 
ay -y i^'cOWll!lt:fflS-r-S.gB^cOx:t./l.dir/N-y Kdf ^ v 
r*<, ±fex .y ^y^^:xh-/ rm<n o *>±tB 'J y i^'cott 

X >y ^ y b y r«cD d *> Jiffi -y i^'iOMIHlCffl 

hU^\,i. ±fex-y^>'^^Xh-yT^±l;Sg2±i?7-y 
HJi*i U >y >^mzmWL^tlh t # . X .y f-yi/Srfttjhf 

[0012] -|IMJ^«|O^S|{+:l— if <±. ±mt\m 

[0013] c:(30-«SJg®<7)-|£^«5i^-if-C{i, ±ffi 

±i5«tt««0 d *.±ie 'J -y ^-'^^MffiStcffl mi-h au^^^x 
.y r J; 0 1:*:^ v^±levgft@^7)■5 fe± 

fe3taii4^B®tir»vK *^±iey -y v-'cottTtcss-ri. 

g|J^<7)x:^y^dpy^•y H4f r .y rj&s. ±lEvStte<o 5 *>± 

f53feaiW^S®^^^{^^K *»o±iED -y v^coMfflltcffiS-fS 
^^)-<^x;t-.;P^yN->' H^v -y T J: 0 t \ t^t**-:. 

ilE^SIt^coa^-ilS^feaiStigffilCTavv *--:>±i£ 
•J •y>'-iOii:TicfflaTSa5:M'<i, ^ffll^i; LTCODS: 
m\-f hZk. *<T'^ ±iz. -SttJirtgPtiiiB^H 

[0014] -mmm.<o^m^v-^\t. ±iE3feaiSt 

SS®*=j&-?;t®l^-C, JJe«ttJiOdfe±iEll-yi^'oa: 
Tt^ffl ^■t?.S8:5i-cO±fE?ia^L(:: J: S 7 :r h;US -y-fe 
>-;^8^*£7)3ia^*{i!l^c^>'7 h*n 8 n ml^JLhT-* 0 , 
±tEvSttJl<Od *>±iE'J y >''tfOMWcfflS-r«.gp^<7)_h 



cOi^7M±l 5 nTnJilTT'$>.S.it^#«t-ri.. 
[0015] «lCO-^tfeJ^®<Oiti^<^t^— f-'x-Ji. UE 

^'m^mi-zm-^tzmm:. ±a-^ite<7)d *>±a'j -y 

S^'cOirncffli-t-5.a5t}^cO±IEiEB^l:t=J:l. 7:)- h;PS 

1. Ai^txiM^h, tfz. ±ie3taii*iiBffic?»o 

S8»co±IEiS^ff(btc J;^7*h;ws^-yfe y xife^ftco 

[0016] -mMMm(o^i^u-m±. ±ssm i ± 

^ 5 -y Vmtfiiltst&tSL^miB e i:^^f±C T'ft 0 . ± 

lEx-y^v-^x b -yy-mt)^ t^imMtX-co^HytOiltitQ 

C 0 0 1 7 ] z n{itii:t5cL^-r< , ffiUtlcJ: oTvStt« 
<r)m^t^^^i,z^\^1^Z'r. tti. Betfzliciiz 

■^tfffi«S::^Jie!t*j ( B e i:tt±C ) A^vSttJfvffitSrt-S^R 

[0018] -mmm<7)^^u-mi. ±iE^2± 

[0019] Be i JtJiCtiZ ntCJkA:.TtttS:^*</jN 
$ VicOT, H 2±:?' 5 y HJi*-'^tfffilfe^iW!|%l (Be* 

mMi}^m»f>x^t^h. 
[0020] -mmmm(r)^^ii^-mi. iiEStts 
b^-^ormt i^tzmm vxm^^ti. 

±mM=M¥Wmii (A 1 ^ Gaj _ , ) ^ I ni _ , P 
(^CJ^iL, OSxSl. OgySlTS)^. ) 

0 , ±ie^^'y T«{i±iE*^#F«J: 0 1> A 1 -^^"^ 
(x) C0:^§V^ (Al^Gai_^)ylni_yP 
(jtJt'L, OSx^l. O^y^irfti). ) *»^5rS 

[0021 ] ±fE«^#FSt5ii^''s:uT«Sr^r-r (A 
1 ^ Ga, - X ) y I n, - y P{i, KM^tLtZnm 
mno^ e cm- 3 ia^Jt^fi^jffiV-^MT^ 

[ 0 0 2 2 ] =5r*>. icOB^Sffl^Tii. '^b-^^?3^^^*:<^ 

X, y. zJi#^b-^##«c|SJT-€-timM^rSfl[$-f: 

[ 0 0 2 3 ] $ 4>tC, !f{±, ± 

iEX y^>'^Xh y7'WlGay I n, _ y P {fztf 
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2}L^=7'y K«{i (AUGai_^)yIn,_yP 
{tztiL. OSxSl, O^y^lX'ht. ) *-^>^^ 

[0 0 24] ±iex vf->'ir;2.h.y7'JiSr^-rGay I 
ni _ y P (^c;t'L. 0SyglTi>i,. > Ji. Jii2ll 
lt3j:t/^m2±^^ xHJi*-^:-r (A 1 , Ga, _ ^ ) 

y I rii _ y P (;^c?t:L. OfixS 1 . OSyS IT'S) 

t *«T-^ S . L7t**o T , ±iBx >y f-y^x h ■■/ 

[00 253 ~mtmm<^^mi^u-^i±^ ±tevStt« 

±fB*^#FM{i I n , G a a _ , A s (titzL. 0 S 
zSirfc^, ) tfzHAl ^ Gai - ^ As (itJt' 

osxsiTj>.5. ) *»^>^»?, ±E^<i;rJH±± 

e»^#F«J; 0 1 A 1 -ir** ( X ) <7):k-^\,^A i ^ G 
ai - ^ As (Jti^ft. 0^ xS IT'fcS. ) ii^i^^t 

[ 0 0 2 6 J Jje»^#F«5r=5:n Ga, _ ^ A 

s (;^c;t'L. 0SzSlT'fc&„ ) ^JtfiAU Ga 
1 _x As (TtJt'L. OSxglT'S)^. > , Jlla^^'U 
re?:^:-rA l ^ Gaj - ^ As (tzt£L. OSxSl 
■Chi. ) ZnS£^(cJ;-^-C^at=Jilirft;-r'&. L 

[ 0 0 2 7 ] § /i»(C, -JlitJ^HScOiliaff*!^— !f (i. ± 

lax-y f-V^rx h- -y 7"^*iA 1 ^ G a j _ ^ A s ( 

OSxSO. 3T'^&, ) A»^>^rO. ±ie^lijJ; 
t/M2±:?'7-y HJltiA 1 ^ Gai _ , As (^c/S'L. 
x<ySlT'*)i>. ) *-'^^SC:i:?:i»^fr-&. 
[0028] Jiiex y-J-Virx h -yrSSr^rf A 1 ^ G 
ai - ^ As (itit'L. OSxSO. 3X'hh. ) l±. 
±iem 1 it/SS 2^^? 9 y KJB^^r-r A l ^ G a 
, _ y As (;^cJt't, x<yglT-S)-?>. ) Sr'^i-y h 
Xy^^^^TKf*-rSI8g(Cs ®SW(c^-rc:fc*^T*S 
&. L;t*«-DT. ±iex.y^>'^>^h.yra±t:lg2± 

.y Hil^ >j .y i^-^^(;}gfi£-r&XS*«^^lc^:-S . 

[0029] tti. ^^mco^mi^i^—fmmnmit, 

< 1 1 , Ti7 7 y K®, I— -TitSr^-tSvgliif, II 
l±J?7>yKJi, Xy^i^^Xh/rJi, m2±i?7 y 
KJBSrCKOJlRtcWB-rSXat, ilBx-y^y^;^ b -/ 

rJi*i±ieil2±:^'5 -y H;ii?5;ta6<?5X .y f-^^/^ffih 

$-»i:i.lS«I^JiiH$i-i.^TT% 9-'3fe®lR^J^I^*^J-r 
«J-oT±fem2±2?5 y h'^tCj£»$-lJ:Sm 1 T--;i^ 



X f y rm i,zm-h * T-x y -f - y ^-r § jr ^ ^^xs 

fc, ±ie'J -y>''«om2±i?9-y H«C7)o*>±ie3t{i}lt 
X V b -y r«^iiLT±a?fH4«^ TBtett L 

r?jiieu -y >''<7)iiTtcffl^-r&si5ii-S:;SB^rfi:-r-5.m2r 

[0030] *»BJcO^«sl^-ifSJt:&^T'{i. 02 
1(a) tc^JS^-r-& J: 0 tc. »«-h(c^^^< 1 1> . Ti? 
9 -y HI 7 1 . l^-- if 3t^3^i-&vSi4Jf 7 2 , m 1 ± 
:?^«yHJB73. Xy-f-i/^^Xh •y7'a7 4 , m2±^' 

9 y 7 6 t><z <r>m^znm^ixt . m i rx-/wxe 

ti. ±ifix -y^i^^^;:^ h •y:r«i(f±ie^2±^ 7 >y KJi 

02 1 (b ) i,zmFi-ti>xo\>z, ^wms9ii<mtim 

f^sSfciySS 1 *»^>II2±^'7 •/ KJi7 6 iTtfclSt^nS 

, X -y ^ >- i/X h -y rfl 7 4 * T'{ill« W tct£^ $ ix 
^V>, Li^c*™'oT, ±iEIS2±7 7 -yKS 7 6 SrU-yi^' 

^^tcapx-rsx-yf-y^^xsT'ji, 02 1 ( c ) tzm^ 

■rs J: 3 tc±ax -y f-i^^^;:^ h y re 7 4 3i(<-€-«0X y 

i^'coj px!W>s*^±#-r s t i> . «^co«^w^*>- 

R&±$ixS. m2T--/UXS-C{±. 02 2 (d 

1 ) ( d 2 ) izm^jk-tiX -3 fc. vStt^cO 3 

'rtm^7 2Bifi+mzmjskit^tii. z<r>m^^ti 

V^T U'-1f?tiSJROii'-»SrV\^ffllSt LT«# . COD ^ 

—^mmirmizxint. ^tasmmizsmm^^?,^ 
[0031 ] -mmmfT^^v^^w^-ymt. ± 

t:M^cn>lMm 1 T--;UXSt:: J: -5 7 :r h ;^ 5 ^- -y -fe 
VX'&3:<nm^^mr^(r)>'V l 5 n mJ^TT*) 0 , 

*>0±fB'J yi-'t^tirFtCfflSt- ■l.g?^<0±ieil2T 
X— j; 7 * h 5 ^ -y -fe >'Xfeft <^5Sa*fflI 
'^iOi^^ h 1 8 n mJiLhTftS .1 i: t -r^ . 
[0032] ±aiS1tJS«0d ^JiiE3tajltSgiai£:»fi!«- 
/^^««tc?e-5/egp^i-co_hlBm 1 Tx-/WXStc J: S 7 
^ h;US:t->yfe>'XjSft(?D5®fe;gi!KtfO>'7 KtEpI 5 n 
mJ)JlTrS>tl(f, ±iBIBirx-;l^xSfci:S-fc.ffiX y 

M 1 T--)V:Lmk\Z . ±ifiX -y f - y h y 7*®*«± 
nm2±^^ y HSe57ti^)<OX.y f->'^^«fjl:$«S«8 

IB^aiW5gffi^J^fig-r^^Ml*tc«v^, *-o±iBU y i^' 
c^iTFtcffl &SP^<75JilfiS^2 TX-/l.xgtc J: S 7 
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if" ^iSHXcOiJ'-^V LTfi(|# , C O D ^fpSJ-r 

[0033] -SWSJg®*^^*!^— 9'i!!it:^{i:. ± 

[0034] 02 2 <dl) i,zmk-r^xdi,z±Mm2 

IS 2 T^-;bXgT'±Em 2 ±i7 ^ -y K Ji 7 6 *-^>$'hgS 

2 ( d 2 ) tc{^5^-r 4 J: a . z<7)-mtmmcr>^miii 

rS5BS:^-C«. ±iESS2 7'--/l-XiS«. ±ie« 

^miZ7fi\ ■> . *>-ojjB u -y ^-'t^iTFtcffi ^-r s as^a- 

7 2 B C7)±M&^ 2 T--;kXSt3 J: |,iiflrft«: $ iCffi 

[0035] -'mtmm(^^mi^u-^mt-^i±. ± 
[0036] m-iti^v ^y. m-(t~> u 3 yttziir/i- 5 

[0037] -mmm.<^^mii^\^-^mit-nmi. _t 

[0038] -«l=:^*)^-if-C-{i. ±iEx.yf->-:/ 

±ii'=\^mmmi±mt Lx^(r)Xo^j:^-^^m^m 
[0039] -mmm<o^mw\^-^m^-nmt. ± 

[0040] j:co-|iMJ^.^co^fl£U— »fi?jt:frj£-c 
fem2±^'9 /KJB<?:^^tM^t-S.«I^S:J#o. L 



tzt/^-ox. ^<r>{\L-^^wmi:nmi^x. ±ieu-yi^' 
[0041 ] -mmmm(o^mw)y-^mm.-)iWi±. ± 
[0042] z<^~m.imm.<^mwi—^wm-nm.i,z 
[0043] -mmmm<r)^m^u-^mm.-)im\±. ± 

12111 ±^ ^ -y H®*i*tft£tStT*6WSB e ^;itl±CT- 
i*l=?SVv J&^oiteu •yi''cOirFt3fflS-r-&a5^i-l=l£tfe 
[0044] Zn{±tS:fcL^-r<, fe£fi*icJ;-5Tvgtt« 

^tsmC^ma ( B e ^A:{±C ) A^vSli/i^fifctJrt-SiS 
bt'^X'^h, Ltztii-r>x. mmi'WiyX^b^jih. 

[0045] -mmBm(^^mw\^-^m^-)im\,i. ± 
ibhzb-i:m'Skb-rh. 

[0046]Bei;t<±C{iZn tCjf^TJfilStglSiAvjN 
$v^cr)T, IS2Ji:?9 y KJfjt^'-irtfKSSt^^ifel ( B e ^ 

[0047] -m:imm<r>imwu~^'^-m.\t. ± 

^L. ±tS»^#F«{i (Al,Gai_,)yIn 
1 _ , P (/i;t'L, O^x^l, Q^y^lX'hh, ) 
a^h^j: *) . Ue^N'U r««±iB«^#F« J: t a i 

^* (x) <r)±^\i^ (AUGai_,)yIn,_y 
P (Jtfc'L, OSxgl, OSySlT'fcS. ) *>^>^: 

[0048] iia^^FJliJiLf^N'UTB^Cr-r (A 
1 , Ga, - ^ ) , I n, - y PJi. tefttSttl.Znii 

K*noi 8 cm- 3 J;^=5rit®Wffivi«T'« 

•I.. 

[0049] -«SJ^.^^7)^^«cU— !fS?Jt:^af±. ± 
ffiX.y^>'^^;^h.yrB{iGay I _ , P (A:3t' 
L, OSySl-C'AS, ) 0 . ±fBSg 1 itXm 

2±^7-y KWi (A I ^ Gai _ ) ^ I ni _ , P 

(JtJtfL, OSxSl, OSySlTftS. > A>^,5r& 
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[0 050] JJEJ^-y^^'^Xh yrJl^^r-rGay I 

n, _ ^ P {tztiL. O^y^lX'h^. ) ±.s?M 
l}iXrfm2±:^^y HBSr^-r (A 1, Ga, _ ^ ) 
^ I n, _ P OSxSl. OSy^lT*) 

rJg±lC|g2±i5' 7 -y HJgl: U >y vtttCJ^^-T&XS** 

[0051 ] ~■mmmm<r>^^mi^l^-^mmym^i. ± 
[0052] igs^^oi±'j ymii. ±iem2±^7 

7-y KJi$:x>y^>'^^-r-i>A>\ ±iej:-y^i^i?';^h -vT 
T , ±fef^ 2 ±i? 9 -y Vmi: U -y ^-'tttc^af J: 3 

tC, X y^y^^h-yr«tCa^4^-CX-y^>-^-r^ 

X-y^y;/IgT. 'J yi-'^m«ft<?^«-r^>rt*^-C 

[0053] -mmmm^(o^mi>^\^-^mmij^ii. ± 

tan 1 Tx-;Hg$r 4 5 0 "CJ^S 5 7 0 °CT1 0 ^i-Jil 

±*fcji5 5 o'c:rbM6 5 ox:ri o^ijito^tit 

1- V ±iBSS 2 T--;l'X^S: 5 7 0 'CJbm 7 5 0 -CT 1 
0^J-iy.±i3t{i6 5 0X::f!7M8 5 O'CT 1 O^l^ATcr^ 

[0054] ±iem 1 T-->UlM<:0^f¥X'htHi. ± 
tex.yf->'i?':X.h«yr«*«Gay I nj _ y P 

ogygi-e*s. > *-^>=5r-S«^. ±iax-y^v 
:J^x h -y rSJijia^l::^ ix^ir i \ ^ . ±i£ll 2 r — - 

TtTt't. m2rx-;PXgi0^fM^LhOffl^frr 

[ 0 0 5 5 ] , *^^^«±, IS 1 rx-yl^XS<?94 5 
0^3P;M5 7 O-Cn O^mitV^a^miM^cOTX 

-;MPSrfflv>. 5 5ox:;bS6 5o-cri o*iaTi:v-> 

3^fr»iRTA:ffi (Rapid Thernal Anneal) Srffi>,%T^f 

[0056] r^3t:^<i. ± 

J«L, ±fefi^#FJB{i I n , Gai _ , As KtLti 
O^z^lf ) ^TtJiA U Gai _ ^ As 

(;t:^>fU. OSxglTib^. ) A'^*^"?. IStf^'iT 
Jg»i±ie*^#FJlJ: •? t. A 1 ( X ) (7):*:^ v^A 

1 ^ Gaj - ^ As (/cJt'L. O^x^ XX'hh, ) 

[0057] Jiieai=^#FiiSr'5r-r I n ^ G a 1 _ , A 
s (;t/v:L. OSzSlT'J)^. )^it<iAUGa 
, _ , As {fzfi'L, OSxSlT-*).!.. ) , ±ie>'>''J 
Til^r^-rA 1 ^ Gai _ , As (fv^/i'L. OSxSl 



[0058] -mmsm^^MW.\y-f^-)m,i. x 

iex-y^yj/;;<h->yrJi{iA i , Gai _ ^ As Kfifi 
L, OSxgO. 3T-*).|.. ) *»A>'5:0. XieiffliiJ: 
U^|g2X:77 y Hilt±A 1 y Gai - y As (f^r/t'L, 

[0059] Xiax y^y-fT. h >y r^Srir-r A i ^ g 

ai - ^ As (/c^vfL. OSxSO. 3-CJ)-&. ) 
XleiS li5Xr/m2±^ V -y KJf Sr^-r A 1 , G a 
1 _ y As (titiL^ x<y^lTfc^,. ) Sr'^ji-y V 

j^y^y^/x-m^-t^mz^ miKmizm-ztifv^ 

-S.. Lfc*s-oT. ±IBx>y^>j/xh>yrJl±tC||2± 
:77 y HSStD y i^'«tCjgJiK-r&XS**§^tC^:4. 

[0060] -*SfeJ^«£7)iji^#:^-Hf«Jt::^&{±. X 

%m2}Li> ^ y HJIS: 7 vSt^ itti^N'^y 7 r- H 7 >yK 

Tx y ^ viT-r s ^ t ^ ifisi: -r S . 

[ 0 0 6 1 ] 7 y^k^fiW^-y V T- Yy -yW^i. XIS 
^2X^'9-y K^$:x-y^V^^-ri>*^ XlSx-y^^':/ 
^ h -y 7-JiS:SI«6*ltcx ■y^:^^t^VVi:>y ^>i/?S-C 
hh, Ltitfi-oX. ±i2m2X^5-yb-JlOo^>XiE'J 
•y i^'OMiUlcffi^t-^ gP^^SrXKx y^-y^p^X h -v TM 
l,zm-thtX'X.-y^y:;^-thi.y^yi:^XmX\ V-yi^ 

[0062] -'mkmm<7^¥^mi^iy~^mm:fjmii. x 

tBIS2r--;l'Xg^, ;iH^xt^dfS^tcJ:S4^«c 
ii?gJi£ii*fc««fflgS:Xlf 4 >r fc i Off 3 t SriNra 

[00631 ^JH^xb-^4f TkS&fflt^^ 

rx-;UX8^. ^filxt::f:afi^K:J:6iti««cJi}^^ 

i^fcSfi?ia«^Xtf-S.c:i:fcJ;OfT;t{f. 7j<3il«o?gAtc 

[0064] -mim^<^)^mi:i^-'fim:fjm±. ± 
9m 2 T-~ivxm^mm^x'n ozt^'^mt-t^. 
[0065] z<7)-mimm(o^t^u-^sm^iz 
xtm. yi^mc^i^izxiWLWpmpf^-itimiii- 

[0066] 

[0067] mT, (AUGai-,)yIni-y 
P (JtT'it. OSxS 1 . OSySirS)-!.. ) iA 1 
GalnPt. GayIni_yP (Tt/^t. OSyg 
1T-$)I>. ) ?rGaInPi:. Al^Gaj - ^^As 

UcifzL. 0gxSlTi>-S). ) S:A 1 GaAst-f-ti 

[0068] (^llllfe?^,®) 01{imi5ISS)^-^^OS 
2(±iaicOA-A' ||lC«io3tBrffi, I13<±01COB- 
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[00 69 3 iait::^i-J;3tC, nMGaAs^^lO 
0±lZ. nMA 1 Ga I nPT:?^ y K®1 0 1 . U— 
1fptS:^-^-|.J£tt« 1 0 2 . pMAlGalnPmi 
±^5-yKei0 3. p^Ga I nPX.yf-y^:^b.y 

kZXVv-iy-mzmxft^) vi^l 0 5\t. pMA I Ga 
I nP|S2±^'7 y HSl 0 6 1 pSG aA s=3f A- 
J110 7-CfllJS3itTV>S. 'Jvi^'l 0 5<0PfflyiCfflS 

-f^m.m\,Z\i^ nMA 1 I nPUcSffijhlil 0 8*sm 

^ixx\^h, m2ti^t>W)->hXr)i,z. :L<r>m.^^±mi 

0 8 ti . %\mmm 150. 151 js«j««t-{± u -y i-- 

1 0 5±tci,3^^ELT (S^±LitSB:«-$: 1 OSBTS^ 
-r. ) . SttS 1 0 2c03tailt4iffl 15 0. 1 5 1 ig^ 

0 2BS:3I-:>TV^^. c:mcj:0. SSIfWl 0 2 

«^3feaistsg® 1 5 0, 151 ifieisP^M 0 2 B^coigai 

«SEcoaASrR&v^-CV^I>, 02. 03*»;i,:}j-*^|, 
iotCA-A' :S-|6ltcMLT^a5StS®l 5 0. 151 
ifi«TSl^:l3'h^O|*IgPffll«T-(5. pSGaAsdfA'-yr« 
1 0 7i:P^GaAs3>-:5'i^bJll 1 0t**S84L-C 

nsmi,z^m^ixx\.^h . 

[00701 i<0i|i3¥f*c^— f -Cti. 3tm»Si3ffi 1 5 

0. 15 1t?&-pfc«irC- J514«10 2cOd%U-y>'' 
1 0 5<^m.-Yl.zWM-thU^ 10 2 Bcox;^;Udiry<:>^ H 
^-S- yr**. iStt®10 2«^a*>'J y>''10 5C0MWc 
ffla-ri.^^c7)X;t^/U:¥>'N'y h'=¥-r yri 0 <^ 
oTV^S. c:ix(cJ:0. -ecogp^J-i O 2 B<iP-if3fc® 

[0071] :L<o^w\^-^\m.ff)iio<izLxm&^ 

[0072] 3l-rS4 (a) \ZyrcTXoliZ^ nffiGaA 
s^«l 0 0±(C. MBE^ (^J^XtrJ^'^i^^) 
X\ nM (A 1 0 , 7 Gao . 3)0. 5 I . 5 P 
Ti?7-yKJ110 1 (^-v-UraJSlxlOi 8cm 
- 3 ) . 3ocorvK-:rGa I nPJS (B[$6 nm) 
^A'0<r)r>'Y-r (A 1 0 . 5 Gao . 5)0. 5 I 
no . 5 P« (il^Snm) X'&b^.^mikirW^iS&m 
102,pM(A1o. yGao. 3)0. sin 
0 . 5 Pl?l±:5'5-y H«l 03 (^r UrfflSl . 5 
X 1 01 8 cm- 3 ) , pMGao . 6 I n 0 . 4 
>yf-:^:XXh>yrJil 04 (®$6 nm, ^-^UriftK 

1. 5X10i8cm-3).pS(Alo. yGa 
0. 3)0. 5 I no . 5 P^2±.9^ -/Ym \ 0 6 

(J*$0. 2Atm, df^uriftK2Xl 018 c 
m- 3 ) . pSGaAs^-Vyr®107 (^-^-UTiS 
jS3x 1 01 8 cm- 3 ) SrClcOWcj^^-r dCl 
■C, nSH->'^•>'h^iS i . pmV-^^>h\iB eX'S> 
6. 



[0073] ^mzm4 ( b ) \iZJrrtX 0 tc. ^A- -yTJB 

1 0 7±ic, 1 5 0. 151 ^m^-t^^m. 

mzi&'^x:^ Yy^y-mzm.^ 5 onmcnpfmMm 

tLTcOZnO (IS-fblEifi) ai 3 lS:JgjSt--&. 
t:, ««1 0 0±cr):^^lC. S5 20 0nm<:0S i O2 

[0 074] »:t3, 5 10*C. 2B#ia<?)Tx-;K^i 

T--;U) $:^T-^-C . ^tb*tSS® 15 0, 151 ^J^^ 
•r^#«^lc?f^oT, Z no (S-ftffilft) M 1 3 1 
^^•yTm\ 07, Sl2±i?7-y KJf 1 0 6 ICZ n ^tlil 
St^-tf-^.. Z<r>T--)i^V\ipmY-f^yhkLX 
fflV->TV^^Be{i. 3tm«*^S®l 5 0, 1 5 li£^Hi« 

[0075] ZZX'mW^j:<r>\i.^ iOlg 1 r--/PXS 

XMJ^y^yyxY vVmi 04. iSttSl 0 2 t i>ll 

'O, vgtt)i<7)7^ h;Ui^-y-b>';:^te;ftCDv'7 h* (H 
etfl^i^TS^-r) 2:S^LTV^?>. miT--;P*IT^^ 
T-<7)^SttJlc7)7=)-h;t^5^>ytVX»Eft(i, 1 TX- 

X.yf->'^;?.b.yT^l 04*W;3^'<SX.y^>' 

-/HSlC J: t mUm 1 0 2 cO^^i/:? hm-f}< l 5 n m 

St J: 1 0 2<0M;R£^7 h»**l 5 nmS-jgt 

[0 0 76 ] ±ies i ©2 igl 3 2. ZnOei 3 15: 
^N' y7r-K7 y®STBSs*Lfcf*. 04 ( c ) tCS^-r<k 
d -V -y 10 7 5:BS^ • iSK-fb^kfRyK • yjcOil 
-^^MT. pS±:J' 7 y h'S 1 0 3<7>fmX'^tl^tiM 
IRmZJi'/^yVLX. df^-yrJil 07t pmii^'5 
•y h-« 1 0 3 t <7)—m^^^ , jKM£??(i*M /X mX'% 
mm^m 15 0, 1 5 1 tc« LTSlStCX b TtttC 
ffil/^ ir >y 1 0 5 Srm-r^ . icOX-yf-^-rXXSr 
pMx-y^>-:?'xb >yr«l 04liJS®?fe:J:-5Tli 

[00771 05 ( d ) iZTT^-tX d IC, S« 1 0 0±C0 
^tC. nSAlo. 5 I no. 5 P^cSRlitS 1 0 8 

[0078] ; COik. y y y 1 0 5 tftcffiliJ^il^tZ n 
timz^^hm 2 T:^-JUJLm.X9mizmtii S iX&<OSr 

±mtLX<r>m^5 0 0nm<r)S iOz (M{t'>V3 
» if 1 3 0 S:»«-rS . 

10 07 9] mm'px', 6 8o-c. i^rac^ 



(10) 32 003-78204 (P2003-78 2JL 



1 0 5<^9*>5ttiiwsiffli 5 0. i5i^mm.-r^^m 

mz^^^titzZ n^.^^: , x.y^yj/xh /r® 1 0 
4SrilL-CvSttJil 0 2*T'ffa;StU-C, JC y^y^^x 

h y 7-8 1 0 4 . m&a 1 0 2<r)o*>m&-r^^^aiSi 

mmi 5 0, 151 tCjfaH^ *^-:?U yi/ 1 0 5C0ETIC 
fflS-ri.g|5^M 0 4B. 1 0 2B5:SH^B-ft:'r6. H6»ti 
ti^-ri: 3 (c. 1 0 2<^JI^t$ix^:Sf^ 10 2 

1 0 2AtC^tfCffij**lSI'^7 0 nmi'7h-r?.C:i:*»' 

Hfg^n^. iojgftffk^n^sp^i-i 0 2 Bti, ^mi^ 

\^mmmtLxmtf. coDSrjrp»j-r^>it*^'T'&s. 
B e {± , 3ttiittJgffi 15 0. 151 i&mmmmcr>fm 

[0 080] 05 (e ) (CS^-TiotC. Si02@13 
0S:yN' /7T-H7>yirCl»*^S. -tLT, nSAl 

0. 5 I no. s P9M5.±mi0 8<r)d-tbV'y>>10 

5±-c, *-o3ti±5W^iei 5 0, 151 i&mmmmco 
mmz^-ttm^^mi:-t^ . o > i o o±tc 

Jg^L-JtnMAlo. 5 I no. 5 PmtjSISjJJi 1 0 8 

«o ^ t>3eajsfiffiffi 15 0. 151 i&mmmi,z^^hmi- 

1 0 8 B t: . 'J <y i^' 1 0 5<0MfflSt3ffiS-rS«l«t#i- 

[0081] -e-cof^, Pi::. *«1 0 0± 

<7):^«tCpMGaAs3>-:J'^ hi! 1 1 0 (»$4/i 
m) SrJgjKL, ?ibtc»«l 0 0<OK^l^>?-ixm^ 

115. 11 6$:?gBE^.|. (•>X>'N#S^T) . CliO 

jtaitfffiffil 5 0. 151 ^mm-^^mmzf^-:) 

X. DJSttSl 0 2<OSA^kS*t/Sffl5r»-l 0 2B*« 

-':fj(^mm 15 0 Wi:3tai3tffiffii: L.T^*8%. R 
JtWiOifSm 1 5 1 iztmMim 9l%t^tXo::i-r'^ 

«8 0 0;iim, vSttSl 0 2c0jI^'(k$iTJtgS:}i-l 0 2 
BCO^^ti^iUmt^m 15 0. R*J(B!l<OJigtS 1 5 1 1 1 

2 5Mmt L/S. 

[0 0 82] r^-yrS:XT^A(C-v">>'hL. m 

i)SlSrEPjDLT#tt$-i«^. &:^6 5 4nm-C«:^3feai 

tt:. Ji y^yy^h •yTmti^^-/^yym>zm 

10 0 8 3] Z<Di^m^Mki:mmt fzib. U >y 1 0 

'f/USrS IMS (2»:'f;t>-«g:a-ff«) T-SJ^L/c. 
fc^t'LU-yv'lOScTj^i. S IMS^W«0«B-^±5 0 
OummtLf^. m9i±. 5 10'C, 2B$ScD|gir- 
-/U^. tJj:VIB2T-WU»cOZn«,Sro7T^/U 
^S^LTv-'S. CC9ia9*»<^>, 3gir::^-;l^T^tc{i 
Z ndtx-yf-yi/;^ h yra 1 0 4tc^LTV^^v^i 



Xii,1SiLXU^Zb*i^^^. 
[0084] 126~ia7{i. ^^tmrnztii'T^T-- 

yhco^miTTjkLXi^^. zzx\ x-yf->'^xh-yr 

JSc07^ h/l^S^-y-ti'XJ: 0 tiS14/i(507 * h/WS^t- 
Xh'yy'mii'^l±^'7-yV'mmXh^0. 2^/mL.*^ 

h •yym<r>Wit&^'<SiiM(oy it h>ui^y*^yxT 

*i;iix(fx-y^>'^xh yr«l 0 4{SX-y^>'i/5-^ft 

±^^thmm^^L^\'\ mei,z^-tj:^iz. :^mm 

%R6ihSi:tTcr)SiO2iil3 0Sr^{tJt«^. S52 

r=~-/umi<zlim l r--;wm{t** LjS*;^^ 
l-ii:*cU-Cv^,|.. mtii. mir--;uiag**4 5 0x: 
UhTAtlff. IS2 r^-;l^^t:«[«i/7 b7&« 1 8 n m 

&Ltiz^i>Ztii^m-i>. 

[00851 -:f3. m 7 i,z7r:-tx 0 iz^ ^im!mmij± 
mtLxens i 02 m 1 soirWf^^^m^. m2r- 

-;Wlfc-c$)oT m 1 T—-JumzMLiA^iyy h*^' 
m^micttrzi-fx'h^. mtii. n i T---'^^aK?^ 

5 2 0*Ch ^tltf, X y ^^^^X h -y 7-Si7)«tl^«^. 

^tf^tyimm<r>m^i^y hm.t lx 1 s nm*<fi= ^>^^^ 

.r t ii^hiP^ . .Ic7)>i t J: 0 . IS 1 r--;t-^fr2r 5 2 
ox:. 2I^Hi: ?F^ifa^l6B&jJ:«fc LT<7)S i O2 

vSttWco 7 b 5 y -fe yx^mm 2 r=~—)V 

mtcl 8nmi:^rO, fc^bem:*? 1 7 4mWT'COD** 

omw) i.zvc'<xwL±it}^-nt^^ix-x\^^zb-km^ 

DVD-R. DVD-RW<7)«#a:;^]SSr«iI±5-±aW 
i:LTV^^*i. li«:ftri:(c#§i2^ajS^2f&lc-tS 

^iizMLxi. 4 l^g^^r^^l±$•t^■s^^^s*<^.'S. cicogi 

10*^#>. ^^grv-^hSsS^'l 8ninUUirJ)fUf. Z<0 

[00861 ^msmmrvii. ^mmmitmt lx 

Si02«l 3 0$r«fflL;t*^. *fLlcRB^>ni. tt7)-C 

i±^^\ ^^mumm^jtmtLXii, m-iti^o^y-^r 
fui-rtmm-ri>ztiiix^i,. ::^^^tfo*^m. si 
02 bwimizz ncr)^\.m^<^m^i:m±-thmm^'7x 
^nmbLxim(,zm^^i>zbii^x'ti,. mm.i>zT-ms 
mm^±mbLxmiti^>jay, r;w$->-srSfflLT* 
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s i 02 tmmiz. y-ym^iiX'Tv^crtit^^^mUim 

[0 0883 4^2ts^i^»-CJi, IS2±i?5<y 

tx'ts. RTAt{i#jaajK*<i o-c/^— 1 0 ox; 

iaS»i#B#^i: L-C 2 0#~1 O^FbI^^^M^T 

[ 0 0 9 0 3 I28{±, 111 r--;l'£0«H$: 1 O^^^lc 
2 0#tc^i.;ti^oSttJl<757 ^j- h/US 

;U^OB§ra^l O^FBltc^x^ti^. miT-->v-}gym^ 
5 7 0 'CiaTTiS*>'7 h3t(» 1 5 n mOTlC=5:& CI t A* 

. ?as«i^^ra2 ofi?oj^. i r-wpt l 

T{S5 5 0-C~6 5 OX:*^'ji^^T-abO. IS2T-— 
LTJi6 5 0'C--8 5 0'C*''@ST'if3'S. RTA{±f^ 

[009 1 3 (m2mmm) mi i\tm2mmmm<r> 
mm^m.^m.iiieiV-^<^m=Fmm:if^hx^^i>, t.fz. 

HI 2«g|l KOA-A' |gfc:«^-3fe|lfa. Ell 3li@ 

1 ICOB-B' mz^'yfzm^-i:^1X^ti^sLX\,-^h . 
[ 0 0 9 2 3 12 1 1 tCS^fi O nSGaAs*«2 
0 0±fc:. T9^^ b'JB2 0 1 . l^— r3K5rf6^f -S^S 
tt«202. |gl±^7y Hffl203. x-y^y^^^h 

•y r« 2 0 4 t^z <r>m\,znm ^tix v . 202 
m^^ixx\^h, %\^$mm25o, 2 5hcj^lts 

HtCXh^-^T^tCgt/^U •y>''2 0 5(4. m2±^'9 
■yHS206i:pMGaAs^.VyrJl207 $ 
itTV»S. U«y>''2 0 5<OMWlCffiS-^-Slfii^fc(i, n 
^Al I nPmsSffiihS2 0 8*5j:lXnSGaAs«gg 
KLil:S2 0 9*>Tg^3n.TV^i>. 01 2*>'?>^i-*>-Si: d 
tC C:*tf)Ol|Si[ffljUi2 0 8. 2 0 9J4, 3fcai«ta8ffi 

2 5 0. 2 5 li£^«Ti4U-y-/'2 0 5±(=t>®^EL 
T (ffittLyig?^S:2 0 8B. 2 0 9BT'^-f. ) , vg 
ttii2 02<03KaiW^2 5 0. 2 5 1iam:«-2 0 2 



BSrS^TV^I,. ^ixtiO, ^S1iii202O3feaiSt« 
® 2 5 0 , 2 5 1 iS^SP^^ 2 0 2 B^cO*E^^g[coaA 
?rR6v^-C'V^I.. 012. 01 3*-f>:JJ-*^|.J;atc 

A-A' *[6]{cratT7feaiS*4Sa2 5 0, 25 1)gi^ 
i«iil3'hOt*lgBffllST-{± . p^GaAs^^ v7*ii207 
t pm.G a. A s a y-Sf 9 Vm2 1 0 i:A»'g?MLT«^W 

[00933 C:£0^«(*cU— »fT{i, 3tailt«§ffi2 5 
0,251 vgtt^2 0 2<7)3*,y .yy 

2 0 5i0iITCfflai-eM^2 0 2 Bcox;^;^=^{^y^V^' 
^+ yr*«, SttB2 0 2<?)a^»J 'y£^'2 0 SCOWffllfc 
fflS-r-?.gS^cOx^^7^^^^>^'ai^^ -y^-J; 0 
-5T^^.&. CimciO. it0gS^J-2 0 2B<±U— 
lROiJ'-5rV\!g«JKk5:-pTV^4. i<OSP4J«2 0 2B{4. 
f*3*-ri. J; 9 tc; -y ^-'2 0 5<7)gg2±:? y y K«2 0 6 
IC^^ttT V>3tJ£Sc^^?l!*^ffitH-S t (C i xmm. 
SnS, t!t*«-:>T. JgttS2 0 2rtTli. 'J yv''20 

5 d> i^Sfeh 6 V N- >• F ^ -y f> A>tc/)N$ < 
^roT V-.^ . ^-^^(MmJ^^^ij U -y i/' 2 0 5 A^/i. 

[00943 c:<o^«eU— r«a?<0J: d LT#S3 

[0 09 5 3 i-f^l 4(a) (C^fiofc, nMGa 
Asa«200±lC. MOCVD^ (^m^SmfflfiS^S 
J*) X\ nM (A 1 0 . 7 . 3)0. gin 

o. 5 PT^'7-y KJB2 0 1 (^f ^ U TiRJK 1 X 1 0 
1 8 cm- 3 ) . SOOTVh'— 7"Ga I n 

6 nm) ?-4-:?i0r>^K— T (A I 0 . sGao. 5) 

0 . 5 I no . 5 PI (ffSSnm) T-»5^/^liJi^^* 
■Ovg1±a2 02, pa(Alo. yGao. 3)0. 5 

1 no. 5 P^lJtJ^^y h'S2 0 3 (^A-'JTJSS 

0. 7x101 8cm- 3). pMGao . 6 I n 

0 . 4 PX -y f-y^J^ h •yr«2 0 4 i^-r^J TiRK 

1. 5xlOi8cm-3),pS(Alo. yGao 
. 3)0. 5 I no . 5 PII2±:77>y HJa206 
•rUr»K2X 1 01 8 cm- 3 ) . p^GaAsdf-v 
•yT«2 0 7 (=3fA'Uri®J*3x 1 01 8 c m" 3 ) 
COJBt^^-ri). i^T. nSH— ^N'^'hJiS i . p 

^hOpMBtcoV^TJiZ nX'hh. 
[00963 <>:{-H 14(b) ic^-Ti oiz^ -yr 
« 2 0 7±{C. 3tatJlf JSffi2 5 0, 251 SrJ^fi!t-r'<.# 
ffl«(;:?»r> T h 7 >f -rmzf^^ 5 0 n miO^FIrfiiHaMifc 
iStLTcOZnO (K-fl:^) ®2 3 l^rJ^^T^. § 
^tC. ^2 0 0±c7)^tC, $ 2 0 0 n m<OS i O 

2 (K-fki^ynv) Ji2 3 2Sr»«-rs. 

[ 0 0 9 7 3 iSCt-, 5 1 0°C. 2^WT--;K|gl 

5:fi=-5T, 3taiStaSB2 5 0. 2 5 1 
■T'^^MlSlCj'p'oT. Z nO (g!YbffiiS) «2 3 1*><^ 
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^^•/rji207. lg2±:5'7-yHS206fcZnS-J£ 

fiGa I nPx-yf-y:J^;^h-yrS2 0 4. 314® 2 0 

[0098] ±iSS i 02«232. Zn0^23lSr 
.-N' -y T - H 7 y MT'^ LTtf*. H 1 4 ( c ) tC^f 

Xoiz. •yrJi2 0 7 imt ■ mtit^imAi ■ *co 
m-^mm.T. pm±i^ ^ >y k® 2 0 3co5SEKT-eix-rix 

StR(l<Jl~x-y^V^tT. ^^vr;i2 0 7i;pa±^7 
5 y H« 2 0 3 t CO— ^*>^>^ir 0 , i£fficoi|g**3 // mt' 

5taiit4igffi2 5o. 2 5Hziettxmmzxv'7-(y^ 

T14 , P .y ^ h -y rJl 2 0 4 JiSetC J: T 

pmmi±.^^ y h'JB2 0 33&«X y^:^i/§ix6C:t{l 

[0099]ill5 <d) *«2 0 0± 

<0^«fc:, nSA 1 0. 5 I "0. 5 pnmi±M2o 
8 (0. 6^(m) . nMGaAsm»iEffi±®20 9 

(2. 0;win) $->IfOili{CMBEjfe-C'«|£-r^. 

[0 1 003 nMA I 0 . 5 I no . 5 P^SE 

mitm 2 0 814. wmM^4 9 o'c-e^*L, y^mmco 

■ti, t.fz. nfflGaAsf|g5ffiit®2 0 9S:^«§-li- 

hmiX'ii. )S;:lMS#B#{=*3ViTS^jaiS4 9 0-ct 

t. nMGaAs*<0. 2 ju Tn^fmiLtimiX^iS. 
mi: 6 3 0'CtX'±^^-it& . ^cOX 9 tcS^aS^ 6 
SOiCt-tS^tlCir). y •yv=2 0 5<Od*>3t{il«38 
® 2 5 0 , 2 5 1 SrJ^^-t'^^li^tCfit^^iXJtZ nig 
TSr, X-y^>':/Xh.y7*J12 04SrjiLTiSttil2 0 
2*TStli;iStLT. x-yf-yiJ^xh-yrJl2 04. «tt 

m2 0 2cod-hm^-t^^%iiiismm25o. 25 nz 

m^'K *»0'J -y 1/2 0 5<^m.TI,zK^-tt^ji^2 0 4 
B, 2 02B?:M^^&, IIS^lC, ?S14JB2 0 2«0S 
a'ft$^i.itgP*2 0 2 B<07:r byUS^-y-fe^-xjS;! 
{4, iia^k$^t^r»<^l*]«52 0 2 AlC*ftTSa^«{Bl^4 

g|54i-2 0 2B{4. f^f*t3ttfiStSg®tCt5 
v^TU— 9-'3fe®JRcOi!'^^l%^«lSfcLT«t, CODS: 

[0 1 0 1 ] 01 5 (e ) iZ^XoiZ, nMGaAs 
«^RaihJ12 0 9 , nMA 1 0 . 5 I n 0 . 5 P«8SRa 
jhJi<Oot>U-y>''2 0 5±T, *-03taittSgffi2 5 0. 

2 5 1 i&mmmmc^mz:^-r?,m'»^m^-t?> . 
io, mi2oo±{zmmLfznmGa,AsmMs.jtm 

2 0 9, nSA 1 0 . 5 I n 0 . 5 P«»IERLifJliO ^ *> 
3tait+i«ia2 5 0. 25 1 jfi^lSC^?-r.2)gP^2 0 9 

B, 2 08Bi:. ^•7i^2 0 5<7immi>zm^-t^mmi,z 

l^-rSStiJ- (20 9. 2 0 8t-*-r) tSr-ecOiijS 

■r. 



[0 102] -ecos, 01 iicis-^iptc. ms.20 0 

icO^i^lCpSGaAsnVrJ'i:' hJi2 1 0 (Ji:$4// 

m) $rj^figL. ^(>iz^2oocDmmz^ti^ti'mm 

2 15, 2 1 6Sr?gB!t-^l. (-^^X^N-f^i^T) . CKO 

f*, 3feajMss®2 5 0. 25 1 i:mm-t^^mmi/zi&'i 

X. r>t 0S'tt«2 0 2cO?ga^ffft.^tl.;tlEB^2 0 2 B** 
**B§l^ffitc^i.J;^ti'^XM<o^S:fT9. -eLT, 
-:&<0SB2 5 Ofc:{43t{i5«4(gfflfc U-CRftf^8%. S 
Mffi!lc0ffiffl2 5 H3{4Rlt*9 l%t^i:l.j:a=J-7^>f 
>'^^ffo (l^— r^ yrf^T) . =$rfc, >mm2 
0 2«oaafl:$^i.;tg?4J-2 0 2 Bc3D;S§t43fcaitfiSB2 
5 0, SM{iI<7)aSgffi2 5 1tfc20//mi;L:t. 
[0 1 03 3 «-^-if^-yr2-;^T-AtC-7'!7>'hL, H 
^$:EpanL-r!|ttt5rii^;t. jSS[*6 5 6 nmT'«±3tai 
:f)2 2 5mW*<#^^l., CODiS^t^rV^^lfcSrm-C 
^^c. ^;^.r, xy^y^;?.h.yrif*<x>yf-:x^^^(csK 

[0104] ^r*3, *IU»^®ttJUTi4. i-fiMSW 

fijax-nMAlo. 5 I no. 5 P mgEffiihS 2 0 8 Sr 
ffM t , ^ 2 r--/K^;ta6fOS«igST n SG a A s 
«?miJ:S2 0 9^J^fKL3t*«, nSAlo. 5 In 

0 . 5 PttSSffljlJl 2 0 8 ^m^-th^^X'^co^<^1}> 
^a^2T--;l-«7t46co«*SiajSt LTtii^ ClOj: 

yi-^tfdClttciO, l^l^SfiJKBSCitUTSitXSS: 

fSBS-fk-r-s. vi t i3^x'% h . m^Atmoom^^mt lx 
ti, MBEmmnzMocvDm (^ris^jK^m* 
m) i:m\>^xi>x\>K 

[0 105] imsmm^m) mi6i±m3mtmm<D 
mmmm^^miiiu-^<om^mki^Lx^^?>, 

Ell 7{401 ecOA-A' mi>Z^r>t:mm. 01 8*40 

160B-B' mi>z^-otzmmi:'tti^ti^Lx\'^:^. 

l0 106]mie\,Z7jk-rXol,Z^ nSGaAs*«3 
0 0±l::, nSA 1 GaAsT^'^ y HJB3 0 1, \y— 

-9'3tS:^-r&vStt®3 0 2, pSAlGaAs^l± 
^'7 yKfl3 0 3, pSGaAsX-y^y^Xh y7°Jl 

3 04 m^3nm) :i}^zcomizmm$nx\,^:s,. ?stt 
a 3 0 2 {4T>' H -ymFf-^wm t^^^jrmt Sr^cstc 

«JlLTJ^^§ixTV^S. 3feajltsa®350. 35 1tc 

MLxmm.(>zxh^-iymzmx/i>V"/z^3 0 5ti. p 

SA 1 GaAs^2±^'7-y HJi3 0 6i:pSGaAs 
^-v yrS 3 0 7X'm^^tlX\>^h. U -y i^'3 0 5<0M 
iaiCffll-ri.«J^tC{4, nMAl GaAs«gi[iaite3 
0 8**m?/t-Ct-^5. 01 7ii^^>m^hXd<,Z. Z<n 
9MS.skm3 0S\±. pMGaAs«3 0 9 fci: ttC, 
3ldajW4gffi3 5 0.3 5 li£^lS-Ci4'J y i^3 0 5± 
t-t^f^LT (>Iti^><0gP:i)-Sr3 0 8B. 308BT-* 
-r. ) , JSttJi30 2<03taj«aiSiii3 5 0, 351j6« 
SP^3 0 2B&S-Drv^i,. Clixl^riO, ?Stt«3 0 2 
cO3tiilStigS3 50. 3 5 1 55^65^3 0 2 B^^OMft 
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*>SJ:3tc;A-A' :fri^(cR|L-r3taitt«ffi350, 3 

5 1 j&mmmm-cofH^mmTii. psg a a s ^-v -y 

rfl3 0 7 t pMGaAsny^':? b®3 1 Oi:*iSN!4 

[0107] ^cD^mi^u-i'T'ii. yttammms s 

0. 3 5 1t:t»-7^:®i^. vSttJi3 0 2<7)a^y yi^' 
3 0 5<:0irFt;ffi^-r?.gP^3 0 2 BtOJ^:t-/U^/'<:xH 
^A-yT**. vg1£J13 0 2c7)^*,«J-yy3 0 5OMWC 
ffl^^'£.«|5^^ox;^7^d{fy^'>- Kdi^A' -y r J: 0 1::*:^ < =6r 
oTV^I,, ZtLlzXK), ^«0^^3 0 2B{iU-if3t(R 
lR<35i!.-^: V ^^IS t :Sr o T V» S . 
[0108] CKO^^f*:^— f {±»:«0J: o tCLTf^g? 

[0109] ^-f a 19(a) iZTik-rJ: O tc, nSG a 
As*«3 0 0±tC, MBE^T'. nMA 1 q . gGa 
0. 5 AsT^7'yK)g3 0 1 (^+yT»l«lxlO 
1 8 cm- 3 ) , 2r><7)T>V-yGa.Asm (¥§ 1 

0 nm) SrS-OOr:^!-'— TA 1 0 . 3 Gao . 7 As 
Ji { 8 n m ) T»E^fe'fll^tS•»o^g14® 3 0 2 . p 
SAlo. 5 Gao. 5 As||l±:7 7>yh'@3 0 3 

(^^UrjaKl . 0X1018 cm- 3 ) ^ p^Ga 
AsX-y^>'^^h.yrJ13 0 4 (=^+UrffiJS2. 0 
X 1 0 1 8 cm- 3 ) , p^A lo. sGao. gAs 
m2±i^V-/Vm306 (df-v'JT5flS2. 5X10 

1 8 cm- 3 ) ^ pMGaAs^-^-yrS3 0 7 (^-V 

vrmms x i o i e cm- 3 ) ^zcomizmmrr?>. 

[0 110] mzmi 9 (b) (CS^-f-J: d tz, ^^yr 
J13 0 7±lc, 3fetilWaS®3 5 0. 35 1 ^B^-T^^ 

mmitzm'^'Xx h ^ r*etcJis son mo^MiHsffiifc 

astt UTcOZnO (SHtffilS) Ji3 3 1 $ 

'c>l^, »^3 0 0±c>^tC, 2 0 0 nmcoS i O 

[0 1 1 1 ] acd., 68or. 2^ra<7)T— -/Km 

T--/^) J-^ToT. 3tajltSgm3 5 0, 351 ?rjgji!t 

•r^^mmizm-^x. zno (M-ftsis) b33 i*>^ 

^-v y 7-^307. SI2±^7-y HJ13 0 6tCZn^J£ 
c:ior--/Mfefr-CJipMH-/-!:^hfcLT 
fflV^TV^^Beti. 3tai*t«M350, 35ia<»fiJSS 

[0 1 12] UBS i O2 S3 3 2. Z nOJg3 3 IS: 

^-N' y 7 T - K -7 y BST'^ L Jtf*. B 1 9 ( c ) ic^-T 
df-^.y^-jf 3 0 7^eSg! • ji[K-fb**;i« • *C0 

is^ggyST-. pm±^ 9 -y h'Ji 3 0 3 ^mmx'^ti^ti 
mm.mz3i-y^y^Lx. ^•^'yym3 07bpm±^ 

7 y 3 0 3 t CO— gS*>A>'3: 0 . Jgfflc0ili!i&<4 u mX' 
7i£{±JW«®3 50, 3 5 llC*ftTS|tt:;^h7-f 7^ 
(C@Z/-S. »J y v-'S 0 5 Srm-f-S . <1 cOi y ^-y^TM 



X'\±. P MX -y ^ > h -y 7-^3 0 4 tieSffiltC i -7 T 
<i||«Wtcx-y^v^^$ix^»,^;ttf>. -eiOTlc^^-rs 
pa^l±:7^>y Ke3 0 35!p'x-y^>'ir$iX|,C:i;{i 

[0 1 1 3 ] H20 ( d ) IC^-Tiot:, 2:^3 O OJi 

Alo. 7 Gao. 3 As«8Sfflifc«3 0 8fcJ:t<pa 
GaAsji3 0 9S:MOCVDaTJg«-rS. ClcoJiti 
i;-yv''3 0 5<0±^iS-^TI.>€>. 
[0 114] .liO^, •J>y>''3 0 5 4't^ffilS:$<X;tZn 

R6±-r'S>^c46tc, paGaAsS3 0 9±t. ^M*!!^ 
M6jJJifcLT<7)J^S5 00nmOS i02 (Miti^V 

3>-) e3 3 o^-^g^-rs. 

[0 1 1 5 ] Mfg4»T\ 9 5 0'C. l^mcr> 

RTA (Sg2T--;U) SrffP. ZtHzX*). ';>yv3 
0 5«0d-^3tai*fSaffi3 5 0. 3 5 1 S-Jgjjit-r^^ 
tCfitli^/X/tZnil^^S-, x.y^>^^>ch yr«3 0 4 

i:mLxm\tm3 0 2tx'MtimiLx . j^ y^yyxv 

•yrS3 0 4 . vStt® 3 O 2<7)d *>?g«-r^%3tai^ 

H3 5 0 , 3 5 1 i;?f,HK *»oD >y i^'3 0 5cOilTtCffi 
S-r-g-gP^s 04B. 3 0 2B&il^t:^S. icoiftS 
<tSn/^SB^3 0 2B(4, if^t^tC3tailt 

coD^p$ij-ri.c:t*iT#S. i<7)T--;l^fl=Ti4 

5 0, 35 1 ifi^«JUt^h<O^Sait:{45i&ifSEiScU=3:V\ 
Ltzt^-^ T , B e 3 0 2 (CPJ^ fC W— 

[0 1 1 6 ] B2 0 ( e ) {C^-rJ:dtC> S i O2 ii3 
3 0SrM'.y7r-K7 yBrC'^-r&. ^LT, nMA 
lo. 7 Gao. 3 As«SlEitJl3 0 8±3j;y^pMG 
aAse3 0 9<?)^^(; •yi^3 0 5±T\ *^-^7tailf^g 

® 3 5 0 . 3 5 1 js^«JTO'h«7)is^tc#-r ^afij-^-sjs 
i-rs. -Pi 0, m^2oo±.{zm^Ltinm.A i o 

. 7Gao. 3 As^8S[ffljlJi3 0 8, pSGaAsJi 
3 0 9<^9l=>3taiSfSSgli3 5 0, 3 5 iis^««{cirr 
•I.SPt»-30 9 B, 3 0 8Bi:, U <y i^'3 0 5 OMfflllCffi 
^-r5MlSlc#-ri>SP^ ( 3 0 9 . 3 0 8T'*-r) tt: 

[0 117] ^<ry^k. HI 6fc^-rJ:3t=. ^3 0 0 
±^0:^^tCpMGaAs3>'^^' ha3 1 0 (ff$4/x 
m ) Sr»^ t . $ 3 0 0 <nMmz^ix^ixm^& 

3 15.3 le^mm-h ("^x^N^i^T) . ci<o 
fifc. 3taiff«BM3 5 0, 35 1 ^mm-^^mmz^-j 

X. otoa'l4S3 0 2c7)iS^$iX/cSg:5i-3 0 2B*< 
^«SSSi8ffiC^rSJ:5t'!?x>'so|*g3S:fT5. ^LX. 
-:^cO^§n3 5 Otc{47fcailt3SHi: LTRSt^l 2%, 
WMm<0^m 3 5 1 tc{i^*9 5 % t J: 0 3— f 
-f >^^irlT^ (^-ff-«y7-f«!!^T) . =ar*5. 
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3 0 2 BcO*$(±5tai*f«B3 5 0, R^HfflcT) jjgflg 3 5 
1 25//mi: Uz. 

[0 1 1 8} rf-'yr?r;^7'i*tc:-7'>>'M.. 
:>3 3 2 5 mW*i^| <bix. C O D*^^ l:=3rV^C: i; $:SligT' 

CO 1 1 9 ] *jt)teff^«t3±3V^TJi. pSH-^n' 

> h B e t ujt ^<7:>m<7imsL^m(^ii'-^j:^^ k-^>' 

[01 203 t7t*Se^«Tii. pSx.y ^^^^x b 

■yr®3 0 4(±GaAs*^^^ri,i,<50i: L7t*>\ x-yf- 

V h LT 7 -y /cti-' n' -y 7 r - K 7 y KSrfflV 
IS^Ji. maJtx*«0. 3mT«0A 1 « Ga , _ ^ As 

timt LXA l^Gai_^As{xSO. 3) ^^ffl 

t^::!*-^. x*JJMin-r& t-ptLTx y f- ^'^/x h -y re 

[0121] tti^^^mi^mx'ii. m i r--;K±3i^ 

cor--;l^?rfflv^, m2T--;WiRTAi:Ljt**, 

[0 1 223 ±3t*lliKgat:i±. vgttJt 3 0 2<±A 1 
GaAs^fc ty^**, c:irtcK^><x*t><OT{i^rv^. i 
n^mt^zl nGaAs»^#FJiS:GaAsi;^c{iA 

1 GaAs/^'UT/iT'ffi^;t'tc7)fc■r■S.^fc(^J:0, ^ 
«^*2rMi.{f 9 SO nrnt tTi> il^. 

[0 1 233 _B£c9:&5Qe^JK-Ci&^3t««;^feli'h<7)<6 

h -yrJi^^r-rSJ^^^frU— T^jRt^ilfflT-^ 
^ci:/.<fGa I nAsP^^'^ y h't I nOaAs 
[0 1243 

■^x'h-ox. nm^<m^i,zmt^timh(^x^hi>. 
[ 0 1 2 5 ] .r^o%Bflco^fls^-i^'$?3t:6-&^^ 

[ias<ofism^i%Bj] 

[013 *?6BjcoS 1 SlflJ^JS<0^l^f*V— 

[02 3 01 tC^-f 9-'<55 U >y i^iZi&r, fzJBi 

mmx'hi>. 

[033 01 Iz^jk-t^i^l^-^cT) V >y >''tc«it^::fr 

r6]<7)Bf®0T-j>&, 



[ 04 3 *?|HJcOSB 1 m!Smc0^ii^\y~^ff)SS& 

x.nwM-t^mx'f>^, 

[053 *^Bj<7)m 1 mmm<r>^mi^ v — (fcoiBt 

XSS:i}iHfl-r-&0T*)4. 
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